Introduction
The interest in w ater-soluble phosphines has risen dram atically since K untz p io n eered the use of w ater-soluble rhodium com plexes having sulfon ated phosphine ligands in the R uhrchem ie/ R hone-Poulenc hydroform ylation process [la] . The separation of the w ater-soluble catalyst from the lipophilic products is so effective th a t the rhodium losses are only <10-9 g R hodium /kg of n-butanal [lb] . A p art from sulfonation, the o th er main approaches for obtaining w ater-soluble p h o s phines include the in tro d u ctio n of the m ost com m on hydrophilic groups such as carboxyl, hy droxyl, ethylene glycol o r am m onium su b stitu ents [2] , A lthough there have been num erous rep o rts of the synthesis of p ro tected carb o h y d rate-phosphines [3] , h ith erto only one p ap er describes the attem pt to p rep are d ep ro tected carb o h y d ratephosphines [3 g ]. The rem oval of the O -isopropylidene groups requires acidic conditions and this can cause difficulties in the presence of the basic p h o s phine moiety. H ence, the first rep o rted d e p ro te c tion of D IO P using hydrochloric acid in m eth an o l/ w ater gave im pure p roduct [4] . K agan et al. [3i] only recently show ed th at m ethanesulfonic acid is a b etter catalyst for the hydrolysis of the D IO P * Reprint requests to Dr. W. V. Dahlhoff. O -isopropylidene group and th at purification by colum n chrom atography is required. A pure dihydroxydiphosphine product is obtained from (S,S)-l,2:3,4-diepoxybutane, as no d ep rotection is n eeded [5] .
In a project concerned with the synthesis of chi ral w ater-soluble ligands, in particular phosphinem odified cyclodextrins [6] , sim ple m odel carbohy d rate phosphines w ere also prepared.
B elow we report on the results obtained during w ork dealing with the convertion of m ethyl a-Dglucopyranoside, which served as a cyclodextrin m odel, to m ethyl 6-deoxy-6-diphenylphosphino-a-D -glucopyranoside.
Results and Discussion
M ethyl a-D -glucopyranoside was first converted to m ethyl 6-O -tosyl-a-D -glucopyranoside 1 by trea tm en t with tosyl chloride, in a reaction which was not as selective as expected [7] , A s som e m ode of protection for 1 was required [10] , O -trim ethylsilyl protection was chosen, b e cause this group is readily introduced and re m oved under slightly acidic conditions [12] . Previously O SiM e3 protection had been success fully used in an extrem ely efficient synthesis of l-[l,7-dicarba-c/oso-dodecaboran(12)-l-yl]-a,/?-Dglucose by reaction of m onolithiated m -carborane with 2,3.4,6-tetra-O -trim ethylsilyl-D -glucono-l,5-lactone [13] .
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H ow ever, it is som ew hat surprising that when the lithium diphenylphosphide is added dropw ise to 2 at 60°C, the desired sugar-phosphine 4 b e com es the m ajor product with only 10% of tetraphenyl-diphosphine in the reaction mixture.
O rien tatio n al experim ents [20] with 6-O-tosyll,2:3,4-di-0-isopropylidene-a-D -galactopyranose had show n th at the am ount of lithium diphenyl phosphide can be alm ost halved w hen carrying out the reaction in diethyl eth er ra th e r than tetrahydrofuran . This enabled the synthesis of 6-deoxy-6-diphenylphosphino-l,2:3,4-di-0-isopropylidenea-D -galactopyranose in ca. 80% yield.
Scheme 2. Possible S -O cleavage mode of 2 by LiPPh2 leading to 3 and Ph2PPPh2. In the case of 2, the use of diethyl e th e r as a solvent also allow ed a reduction in the am ount of lithium diphenylphosphide req u ired for com plete reaction of the starting tosylate. The reaction of 2 with lithium diphenylphosphide in the ratio 1:1.2 gave 4 in high yield, with only 6 m ol% of tetrap h enyldiphosphine side-product being p resen t in the crude product. D eprotectio n of 4 was achieved w ith acidic m ethanol at room tem p eratu re, giving waxy 5 in ca. 90% yield. The 31P N M R chem ical shifts of both 4 and 5 are at ca. -20. T hese values are close to those found for D IO P and 2,3-dihydroxy-l,4-bis(diphenylphosphino)-butane [4] . H ence, in these cases depro tectio n does not result in a re m arkable low-field shift in the 31P N M R spectra, 
Starting co m pou n ds
M ethyl a-D -glucopyranoside was p urchased from Fluka. Lithium diphenylphosphide was p re pared by reaction of butyl lithium with diphenylphosphine (both obtain ed from A ldrich) in hexane at room tem p eratu re as described below. 
M eth yl 6 -O -p -to lu en esu lfo n yl-a -D -g lu co p yra n osid e (1)
A solution of p-toluenesulfonyl chloride (10.5 g, 55.1 m m ol) in pyridine (20 ml) is added dropw ise to a stirred solution of m ethyl a-D -glucopyrano side (10 g, 51.5 m m ol) in pyridine (20 ml) at room tem p eratu re so that the flask tem p eratu re reaches 35°C. The clear, yellow solution is stirred for 2d at room tem p eratu re and then concentrated in vacuo (10 3 Torr, 6 0 -7 0 °C bath tem p eratu re). The resi due is dissolved in chloroform (25 ml) and the so- lution is w ashed with satu rated potassium hy drogen sulfate (10 ml) and potassium hydrogen carb o n ate (10 ml). The solid obtained after re m oval of the chloroform is treated with ethanol (10 ml) and dried in vacuo (10'3 Torr, <40 °C bath tem p eratu re) to give a white, am orphous solid m ixture (12.3 g), which contains 46% 1, 7% methyl 2-O -p-toluenesulfonyl-a-D -glucopyranoside and 31% m ethyl 2.6-di-0-/?-toluenesulfonyl-a-D -glucopyranoside (H P L C analysis). Preparative H PLC sep aratio n yields 99.9% pure 1 (4.7 g, 26% ) with m.p. 130°C (L it. [8] 124 °C) and [a]2£ 100.7 (c 0.6, M eO H ). The 2-O -tosyl isom er (0.5 g, 2.7% ) and the 2,6-di-O-tosyl derivative (2.05 g, 8% ) are also separated. The ditosylated com pound can also be rem oved from the m ixture by flash ch rom atogra phy (silica gel, ethyl acetate). A solution of 2 (0.55 g, ~1 mm ol) in T H F (10 ml) is added dropw ise to lithium diphenylphosphide (2 m m ol) in T H F (5 ml) at 0 °C (bath). The m ixture is stirred for 1 h, at which tim e the bath tem p eratu re has risen to 10 °C and T L C (diethyl e th e r / hexane 1:1) indicates th at no m ore 2 is p re sent. D iethyl e th e r (10 ml) is added and the o r ganic solution is w ashed with ice-w ater and then ev aporated to dryness to give a P-containing mix ture containing -2 3 % 4 and 77% tetraphenyldiphosphine (by 31P N M R ) to g eth er with 3.
A sim ilar experim ent carried out at -20 °C bath tem p eratu re for 3 h gives a m ixture of P-contain ing products with only -1 0 % 4 and 90% Ph2P P P h2 (by 31P N M R ).
W hen the experim ent is carried out at 60 °C for 1 h -9 0 % 4 and < 10% Ph2P P P h2 is obtained. cooling, a waxy p recip itate of 5 is form ed and this is filtered off and dried to give white 5 (1.57 g, 89% ) with 31P N M R (pyridine-d5): (3 = -19.8. A ttem p ts to o b tain crystalline m aterial from either diethyl ether, chloroform o r hexane/ethanol al ways result in the form ation of waxy product. 5 is poorly soluble in w ater (0.234 g/ 100 ml, 20 °C, i.e. -6.5 mmol/1).
